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Abstract: Wireless multimedia sensor networks (WMSNs), constructed from multiple sensor nodes with
cameras, are expected to collect visual data over wide ranges. Existing studies have attempted to estimate
the positions of nodes using Global Positioning System (GPS). To improve the accuracy of the estimations of
node positions, we propose a new localization method using both GPS and images sensed by camera sensor
nodes for WMSNs. Camera sensor nodes, with positions that are unknown measure the angles of LED light
signals emitted by anchor nodes. Using the Images, nodes can calculate the distances from the anchor nodes.
In addition, using the plural angle values, nodes can calculate their own position with high accuracy. We
built a small WMSN test bed and measured the average estimation errors.
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Fig. 1 The optical angle measurement (a bird’s-eye view).
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Table 1 The nodes specification.

FEHRE IR O AR
~Ar7uvaaryhta—7 | ATMega328P-AU
IR R R Raspberry Pi2 Model B

LS
AT e RIRIE

Raspberry Pi Camera
2,592 x 1,944 [px]

GPS 151 NEO-6M

il SRR IM920

W7 A b Fifs LED1 4T

74 METES 1.1 [W]

RV W3 IET IV ) i 4 AR
/= N~} [mm] 140 x 154 x 294
EROME PLA iR

B

7 AT WIRALEZEE | 960 x 720 [px]

1 7L —20%ERH | 105 [ms] (9.5FPS)
FA N RIEORARERH | 150 [ms)

GPS #ifzo LPF 1# 0.1

AT
Raspb Pi
aspberryPi E i
== )=
AVRIEH 74

%l
ok g \a@
HLED

GPST v 5 F \m

9 /- Fofiix () Limm (F)

Fig. 9 The cross section of the node.

1#

10 /—FDHH
Fig. 10 The photo of the nodes.
WEBL. = FESOERIMEONTS, RN S KT
%Ko CTitskd 5. F 72, RaspberryPi i& GPS 215 H#
THUS L 72O 2 B L, BEE®EO L7290
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Fig. 11 System block diagram of the nodes.
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BEfelc oWt frEiEE /) — FeF—Cdh b, T/, 7 A
FZOX ¥ )T L= a AMEREREE, $XTDO/ — FIiEFE
—07Tar I LATENES .
4.2.4 BEATA MEBEIL—IL
AFEEECTIIEFE R NFFH %2179 72, RaspberryPi (2
LD WGEIIHME DR T Ak, 1 7L — L7
) 105 [ms] ZENY M T, 20720, FOMET/ — FE
BERLETAHICHVIEFEIHE L 7O N I VLT L
o7z T, UWTOXHIZ, BT/ %Ey MR
T2 oV — L & 3R L7z,

o fE75IE, BELT, EAUT, BELT, R, BMG 7

1102



RS 2R

£2 HEN-NVIIBTAAYE-—V K
Table 2 The flashing protocol.

F | €w b1 EST)
00 11101000
01 10101000
02 10100010
03 11100010
04 10101110
05 11101010
06 10001110
07 10001000
08 10001010
09 10111000
10 10111010
11 10101010

Fov (BEELT) o5 HEHET 5.
e SEY MO BL Ay —VEEET L.
o MW NI =1 BWNE, BT I vE Xy k=D
3OTHIENG.
o /= FHFIIh»LLT, FHRITHRMZ —EI27 5.
o JUHRDHALREMH % 150 (ms] &§ 5.
FhEn, ST/ EETE Iy b, BAT/EHETIES
Yy b, BBy 73 ViE6Ey hoESTHA. 1AM
8 Y MDA L=V N3 OEENLDT, AFtOES
X6+ (8%x3)=30y hTHALH. Avt—TJI3E2 D12
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ONDHEHROBEOFVRA/ — FIZ12TH A, WL
TERERY K LRET S &ETHRIIED L HMEHTEIEE
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Y INES W CAR B N s

88+ My + M(i12)mod12 T M (17—i)mod12 (4)
ss . BB 7w (6 €y M)
m; LiHFEDAyE—Y 8¥ Y I)

ZCT, Avtk—UFFETHLTWDEOIXFEATHER
LT AOTHL. BBl eHITHE, /- FFET
0¥ > MFE “000000111010001010001011101010” T
N, 3495/ —FIZLED 74 b &2 HEEETIOL Y
M &Y K LEET 5.
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4.3.1 71 —JV K1 TOHTEEE D
COERTIE, T8/ —Faz DEEE (0,0) LEE
L, ZEEBEOBEICBITS A— MVEMOHEE —H3E5
X9, o7 h ) —Fay, ay, ay DEIEZ FNEN

(0,8.72), (18.0,8.72), (18.0,0) IZFE L7z, INHT 7
J = FOEEREY, &/ — KT LI L7278V 25560k
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©c ~cot HEENLE

Fig. 12 The positions calculated using the proposed method

(Field 1).

xR 3 REFLETOHERHR (74 -V F 1)
Table 3 The coordinates calculated wusing the proposed

method in field 1.

HEEHEAE [m] | EPROMEE [m] | #22 [m]

¢l (5.84, 8.72) (6.00, 8.72) 0.16
ca (12.03, 8.69) (12.00, 8.72) 0.04
c3 (5.77, 6.67) (6.00, 6.54) 0.26
4 (12.08, 6.53) (12.00, 6.54) 0.08
cs (5.85, 4.50) (6.00, 4.36) 0.21
6 (12.00, 4.40) (12.00, 4.36) 0.04
cr (6.05, 2.12) (6.00, 2.18) 0.08
cs (12.00, 2.18) (12.00, 2.18) 0.00
co | (6.03, —0.09) (6.00, 0.00) 0.10
c10 | (12.02, —0.07) | (12.00, 0.00) 0.09

SRR 0.11

LY XY = DEWRM,S, 3 ETHRRZFPETE ) —

FOREZFHE L7z, REFHELCBITLE/ — FOEBED
FEAE & e B AR DO F i % Microsoft Excel T7 1y b L7z
bOEE 12 T/RYT. 512, &/ — FOHEEHEE L s
wR 3T o, MEHETEOTIHE L S L 0.11 [m]
LY, FAEHEE /) — FOHEEREO RN 0.00 m],
KiZ0.26[m] TH2720, TNTOMBEHE / — FigBw
THEERAE A% 1 [m] RIGICHIZ 5 2 LA TE 2. HA0EHE
E/—NERT VN - FRIORBLARL, SABEHEE
)= F PSR TEEEICT v ) — FARE SN TVWDED
T, MENREFHT 2REFEOT VT XLDEHIC
BN R T EEZ OND.

BT, a1 225 ag TTOETVH /) —FIZoWT, Ih
MEEYIZL o TES RN EZBE L, %4/ — FOIS
wEFHE T EHRCOF R ETo72. ZORREER 412
RY . BAEHEE  — FOHEEREDR/NME 0.02 [m], K
KiZ 031 [m] THY, WFNOBETH-> THMEHEED
FHFEAT 1 [m] R TH Y, BEWIHFLELEVEEL
FSDMAEL NV EMETE . 202 Ehs, MEHE
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R4 REFULECOHEHR (74— F1-BEEWHD)
Table 4 The average error calculated using the proposed
method in field 1 (with an obstacle).

RIF/ — F | FHREZE [m)
a1 0.08
as 0.08
as 0.06
aq 0.10
8.72m a.l ge1 a.2
i ) @81
i .
L3
m ga@
fitE | - 1Ss
i ?gs Do
: D es (0
g oo a.4
[ T T T T T I T T T T T Il©) T T T T 1
T —)L RO iR 810 18m

Wa, ~ay: 7V — RREME
Oe; ~ep: MEHEE /) — NERE B

13 GPS OHEEfRER (74 -V F 1)
Fig. 13 The positions calculated using GPS (Field 1).
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<, =B IE A SN TV B b O & FEREDBREE Tl
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2. ZOEBTIE, $TXRTOT7 v/ — FefEdis / —
FCGPS ML 24T o7, 7 ¥ h/ — FOEEREE#RE
el LT, MEHEE / — N ORISR G & S %
WL, Mpicryay M7z T TE57200m/MET 5
eI, BNIHEIZE D — FONERED RS /NS
{BDBENIT v H /) — NORELEEDOIEELRE L.
Al DFEBRIC BT HHRERE & MO IR, KR (0,0) 127
BS5H7 27/ — F ag DR 34.549231, #ELE 135.505269
THholz. GPS &z HW 72O FHFR-E I 1.41 (m] TH
D, /N ERKDEET 0.64 [m]~2.36 [m] TH - 72,
FTRTH/ — T, GPS AR OB &S &b 12
KU 7 MR SNTz. 1 [sec] AL THRET 22 7% ) 4 X
0 —IXA 7 4V CTRETEZZRFBENZ K 7 Mg
ETEhrol, INEERT S, HF GPS Iz
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R 5 RETFLETOHERHR (74 -1V 2)
Table 5 The average error calculated using the proposed
method in field 2.

/= VR | PR (m]
0 0.09
1 0.23
2 0.42
BAETY 0.25
BEE0 Bt 1 R 2
v v v
8.72m a, Ci _
1™ © c:© ¢i0]
] a2 Cai Ce H
L. @ ‘} C]Oé‘
as (18 Cri Cii
. © o o}
N a4 C4 Cg
- © ©), 0128
[ N I D E S N I I R R
T4 —)L R g 18m

Wa, ~a,: 7 v/ — NREBEME
O ALEHE / — NEREAE
14 RETFHEOMEHRERE (714 -V F2)
Fig. 14 The positions calculated using the proposed method
(Field 2).
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MAEME L CHNEHEEEZITo72. 74—V 2T, &
WZ4D2DT > Hh /) —Faj~ay T ADOOMEHERE / —
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6 RETETOMERE (74— F2-EEWHD)
Table 6 The average error calculated using the proposed
method in field 2 (with an obstacle).

J — Nl | FHRRZE [m)
0 0.12
1 1.02
2 3.56
AT 1.57
%EO %%1 %Eg
8.72m 4, E—j llllll % % 0% %
: a2
| u g
fitE | © %
a [S3 (S
L E T e ~0
n ©
1 ias
-
[ T T T T T T T T T T T T T T T T T 1
T+ —)L RO 1EE 18m

Wa, ~a: 7V — NREME
Oe; Nen:{ﬁﬁ?ﬁi/ —_ ]*EQIEEZIE

15 GPS OHEERERAER (71— F2)
Fig. 15 The positions calculated using GPS (Field 2).
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16 /— Fo&jifis 2 7KK (W)
Fig. 16 Schematic diagram of the 360-degree camera.
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B 17 7%/ — FHEAORYIZ L BHEEEEL
Fig. 17 Accuracy deterioration due to bias of the anchor

nodes.
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DEVTIVIT) XALERE L. EB — FIZEELLT
0277 45T, 1 RIOKFAEHINIZ 9.0 [sec] & DRFH 2 2§
L. ZHEMTOR (5) 10k o CHEIMSNBEINTH 5.

T=2xLxFrgp=2x30x0.15=09.0 (5)
T 1 [EDOAEAFHIN 2075 B K [sec]
L:E@ENV— Vo 1oy Mk

Frep @ MV — IV OHEAFER [sec]

424 TRV =)V T, 1EHOE Y ML A%30, &
WOHAER Frpp 770.15 [sec] TH A5 6, 1JHHIZ02
B T 1 4.5 [sec] & %A, AFAFHICHR b R 2 29
B0, BT — YEHEHORIG Y 7V O T IR
MEBGEL7-2BETHE. OGS 7V i
TETZORMOT -y 2O LN TERVDT, RO
OSBRI ETTHET) — FESOBMATE 2\,
ZD720, AT 2GS ORH, D% D 9.0[sec] DFEMH
AESTLILIIR D,

FLED ~ Fflame x1.4=0.105x1.4 (6)

© 2019 Information Processing Society of Japan

FLED . ﬁ(ﬁk)b_ )I/@$1iﬂ%:‘ﬁﬂ [SeC]
Friame © WEENT D 1 7 L — LI [sec]

B, HBOBNKEE Frpp &, X (6) &by, HIEH
HZBI % 1 7 L — LB Friame @ 1.4 f5 ORI E

LTwb. 1Yy MO MBEEEICHRIET 5720121
7L — AR &) RO 2 KT A LENH D
Mo T@b. Flame ©RET HELENE LT, LTOHE
EVHIToN5.

o SoC DALIRM:fE
o 71X T DB
o AT RN HINADELERET]
o LED D%
LED DG OIEH & 2 & 40128 7% O T
MTEDL, EBRTHWZAATENATHRTIIRKT L —
L L — ME30[FPS] DT, Fame 13 0.033 DLEOfEICZ L
UL R 5 v,

2 B% T il \» 72 RaspberryPi2 Model B @ SoC 13
BCM2836 T& Y, 900 MHz &3 %5 ARM Cortex-A7 7
Oty HE4aT7HHELTNL, EELLTTTT LY
YTNVALy RTEEL, RE L7 Frame ORERAIZALER
DBHDDLEA) =T LTIA IV TREZT) . Friame 3
% HL T 0.105 [sec] Dk & L7zas, EBIZ1 7L — 240
WLER 2 A7 B RERTIE 0.070 [sec] FREECT®H o 72DT, 30% 2
DEFALDEHDTEEN T WS, &5 (ZH GULE 2 A
Ly FIZHEIT 250 TREREIE, Frame (& 0.050 [sec]
BEFCHEMCELILEZLNS.

WMSN DB b 725 -0, (EHEE Tk
ERBE — FICHIBLTW2 2 EDEE LV, Frame 2°
0.050 [sec] THNIX, mHEBET L HBEGITT X PLTL
FVIBHMCRM T 2RSS 00, KHEBE T S
J = R L CRAEARIZIT) S LW RETH L L&
ZHN5. BUKTIE, R EEET 2720 1 FEICE T
W (Avt—=v) 23ERETLY, Iht2lEdsZ
ETLZ2Ey FETHOTZEDWERTH D, Friame
DFAEB L O L ORI &, BAEON—F7 =T % Fl
ML72E$ 1 OAFATHNES 2R T % 3.1 [sec]
WCHMCELLEZOND,

5. &

KEETIX, /— P&y * 9 %283 5 WMSN 12
BWT, WMSN / — FOHREM 71 &g s o207
AT ENEFN R AT EZIT ) Ly E LTHIAT A Z
ET, AR AT, LEHEEORE R RS
5 FEERE L7z, EBRICHE WMSN % 5 L ATl %
Biaftole2h, /7 — FREEHELEL [m] FEEE O/ %
WMSN Tid, BEEYISAE L 2 I L REICBWT,
PLEHEERRAEAHY GPS O 1 FIRREE L 2 b TR AL

1106



[BRIEF =R G Vol.60 No.4 1096-1107 (Apr. 2019)

WewATE, $72, Th /7 — FEBWTHEVENEE
TEBZW/ = FTHhoTd, ofiEHe / — FEREHT
LA 2 BREETHIIEL GPS L HEU LOKEE LIRS
DONMBEHETE 5 V) fERE/[. RETE 2 EH MR
HWMSN EBnE=45 1 > 7 oHT 285481, B
LED 7 A b &8Ik L TR 2 7R LED (218 &
ZDHEDOTRDPWEN 575, BREOFFE IR ORI
R BN AEBL DT EDLEEILND.

SEH

(1] AT, AIFRE, e T, AMKIES, FOOseN,
H iPicket: MY 2 TR V72 HE D R, BN A
VA v¥a—TF 4 v 7LV Fy AEERESFEHRE,
Vol.2010-MBL-52, No.1, pp.1-7 (2010).

[2]  Walchli, M., Skoczylas, P., Meer, M. and Braun,
T.: Distributed Event Localization and Tracking with
Wireless Sensors, Proc. 5th International Conference
on Wired/Wireless Internet Communications (WWIC
2007), pp.247-258 (2007).

3] JITE &, R 55 o X T TOHMEHIIC X B A0 i
FEOREEEIN b, THHLILE AT /e RS, 2017 fEEETHHL
PEE S BVE SRR TR 2%, 8 page (2017).

[4]  Blumenthal, J., Grossmann, R., Golatowski, F. and
Timmermann, D.: Weighted Centroid Localization in
Zigbee-based Sensor Networks, Proc. 2007 IEEE In-
ternational Symposium on Intelligent Signal Processing
(WISP 2007), pp.1-6 (2007).

[5]  Chen, H., Sezaki, K., Deng, P. and So, H.C.: An Im-
proved DV-Hop Localization Algorithm for Wireless Sen-
sor Networks, Proc. 8rd IEEE Conference on Industrial
FElectronics and Applications (ICIEA 2008), pp.1557—
1561 (2008).

[6] Xiao, H., Zhang, H., Wang, Z. and Gulliver, T.A.:
An RSSI based DV-hop algorithm for wireless sensor
networks, Proc. 2017 IEEE Pacific Rim Conference
on Communications, Computers and Signal Processing
(PacRim) (2017).

[7] Han, G., Jiang, J. and Zhang, C.: A Survey on Mobile
Anchor Node Assisted Localization in Wireless Sensor
Networks, Journal of IEEE Communications Surveys
& Tutorials, Vol.18, No.3, pp.2220-2243 (2016).

[8] iev, N. and Paprotny, I.: Review and Comparison of
Spatial Localization Methods for Low-Power Wireless
Sensor Networks, IEEE Sensors Journal, Vol.15, No.10,
pp-5971-5987 (2015).

[9] Savvides, A., Han, C.-C. and Strivastava, M.B.: Dy-
namic Fine-Grained Localization in Ad-Hoc Networks
of Sensors, Proc. 7th Annual International Conference
on Mobile Computing and Networking (MobiCom "01),
pp.166-179 (2001).

[10] Ward, A., Jones, A. and Hopper, A.: A New Location
Technique for the Active Office, Journal of IEEE Per-
sonal Communications, Vol.4, No.5, pp.42-47 (1997).

1] it &z 7v—=7 >y 7+ & HWBNI OB E
e DEBRIIEE, B0l E S XMW OCGE B, W13,
Vol.J90-B, No.9, pp.784-796 (2007).

[12] Peng, R. and Sichitiu, M.L.: Angle of Arrival Local-
ization for Wireless Sensor Networks, Proc. 3rd An-
nual IEEE Communications Society Conference on
Sensor and Ad Hoc Communications and Networks
(SECONZ2006), pp.374-382 (2006).

© 2019 Information Processing Society of Japan

[13] Mistry, H.P. and Mistry, N.H.: RSSI Based Localization
Scheme in Wireless Sensor Networks: A Survey, Proc.
2015 5th International Conference on Advanced Com-
puting & Communication Technologies (ACCT2015),
pp.647-652 (2015).

(14] WEM 2, ZeHEE, IWAREM : H 2 F7E=5 Y ¥ 7
J v — FOFIC X B BEEY O E S T oM
B, WV F XTI TR LSBT — 2 v a v 72015
FCE, pp.244-245 (2015).

[15] Gibson, J., Haseler, C., Lassiter, H., Liu, R., Morrow, G.,
Oslund, B., Zrimm, M. and Lewin, G.: Lighthouse lo-
calization for unmanned applications, Proc. 2016 IEEE
Systems and Information Engineering Design Sympo-
stum (SIEDS’16) (2016).

[16] Ng, A.K.T., Chan, L.K.Y. and Lau, HY.K.: A low-
cost lighthouse-based virtual reality head tracking sys-
tem, Journal of IEEE 2017 International Conference
on 8D Immersion (IC3D 2017) (2017).

HEX
BTE S TSR R BV TENZZNE DR ST L
R LA RETHIEE L. 22T, XHAETHEE
ENTFXDIH 6 =Vl d xR 39 1%
WHEEL, Kty ya yOEREEBIOEFERELHIL
T & 420 TR SC 2% L7z, S sCiont LS hiF s
2O MM, FARBRICLDFEHELFET 2 0¥
R U 2 v L7z, Rasecid, BHoENA L - 2
CXF AT Ca—T4 7B EERETH LALE
HeZ 2|\, &/ — FH360 EH 2 T 2 BT 284612,
B AT HWTRE Y — B0 i xatilds 2 &
T, 7ERDO GPS IC L A EHEHEL S LM ETE2
TEERLTWS, EEREICE L CHMOTEIC L R
Em EEEBRLTBY, FOEB»S, HEEHTE LTH
BLweEZLND.
(BRI LBV S SR H)1IER)

NNIE 1%

2016 £ KR LR T AR A 1
R, 2018 FRIFFZKFK
Fhe TR RS - 1R S g+
AR IE T

(FE%R)

R 52

2006 4 R ECE R HCE F 5 Sk
FRPAE. 2011 4F %% Bt B H A
KFBERFIEHRF AR 2 IR
FAE T, AR &0 KRR Tk
R, EANA VA Ea—F 1 v
7Ry SEOMICEE.

(IE%R)

1107



